Background: Involvement of the peripheral nervous system in the pathogenesis of prion diseases is becoming increasingly evident. However, pathologic proteaseresistant prion protein deposition in the peripheral nerves of patients with Creutzfeldt-Jakob disease has never been demonstrated, to our knowledge.
Conclusions:
Protease-resistant prion protein may be found in the peripheral nervous system of some patients with sporadic Creutzfeldt-Jakob disease. However, a larger series is required to assess the incidence of peripheral nervous system involvement and to discuss the diagnostic usefulness of peripheral nerve biopsy in sporadic Creutzfeldt-Jakob disease.
Arch Neurol. 2004; 61:747-750 C REUTZFELDT-JAKOB DISease (CJD) is a neurodegenerative disorder in which host cellular prion protein (PrPc) is conformationally changed into proteaseresistant isoform (PrPsc). 1 Neuropathologic features are mainly severe neuronal loss and reactive astrocytosis with spongiform change in the cortical and subcortical gray matter. Among the different types of human CJD, sporadic cases account for about 85%. 2 Clinical symptoms of peripheral nerve damage have been reported in some patients with either sporadic 3, 4 or hereditary 5, 6 CJD. Immunohistochemistry showed prion protein (PrP) accumulation involving the posterior roots in experimental scrapie 7 and in one patient with sporadic CJD. 8 However, pathologic PrPsc deposition in the peripheral nervous system (PNS) of humans has never been confirmed by Western blot analysis, a method that is essential to distinguish PrPsc from PrPc. The aim of this study was to determine whether mutated PrP accumulation could be demonstrated in the PNS of patients with sporadic CJD.
METHODS

CASE MATERIAL
Three autopsy cases of sporadic CJD were studied. Three cases without neurologic disease were taken as negative controls. Clinical and histologic data concerning the sporadic CJD cases are summarized in Table 1 .
HISTOLOGY AND IMMUNOHISTOCHEMISTRY
Histologic studies and immunohistochemistry were performed on 10% formalin-fixed, paraffin-embedded specimens from frontal, occipital, and cerebellar cortex; spinal cord; dorsal root ganglia; and sciatic and superficial peroneal nerves. Hematoxylin-eosin staining was performed to evaluate spongiosis and neuronal loss. Astrocytic gliosis was studied by antiglial fibrillary acidic protein immunohisto- 
OBSERVATION
WESTERN BLOT ANALYSIS
Frozen specimens of frontal, occipital, and cerebellar cortex, as well as spinal cord and dorsal root ganglia, were homogenized at 10% (wt/vol) in a 5% glucose solution. Peripheral nerve homogenates were obtained by impact grinding method in a liquid nitrogen bath resulting in a fine powder of tissue. Homogenates were forced through a 0.5-mm-diameter needle before protease K treatment. Protease K digestion and Western blot process were performed as previously described. 9 
RESULTS
Histopathologic examination of the 3 sporadic CJD cases showed marked spongiosis in the brain, whereas the spinal cord, dorsal root ganglia, and peripheral nerves appeared unmodified. In the 3 cases, neuronal loss was marked in the cerebral cortex, mild in the cerebellum, and absent in the spinal cord and the dorsal root ganglia. Gliosis was marked in the cerebral cortex, mild in the cerebellum and the spinal cord, and absent in the dorsal root ganglia.
Results of PrP immunohistochemistry and Western blot analyses are summarized in Table 2 . In the 3 sporadic CJD cases, PrP immunohistochemistry showed granular deposits in the cerebral cortex as well as in the molecular and granular layers of the cerebellum. In the 3 cases, a fine granular staining was found in the spinal cord gray matter from cervical to lumbar level. This PrP accumulation was more marked in the posterior horns ( Figure 1A ). In the 3 control cases, specimens from the same anatomic sites exhibited no PrP labeling. In case 1, examination of the dorsal root ganglia showed positive PrP immunostaining, distinct from lipofuscin accumulation, along nerve fibers ( Figure 1B) . Prion proteinpositive linear deposits were also present along nerve fibers in the posterior roots and the superficial peroneal nerve ( Figure 1C ). On transverse sections, these PrP deposits appeared to be likely located in the Schwann cells of both myelinated and unmyelinated fibers ( Figure 1C, inset) . In this case, no PrP labeling was found on the sciatic nerve.
The PrP immunohistochemistry was negative in the PNS specimens from control cases ( Figure 1D ), confirming that the PrP labeling observed in case 1 was not a background staining.
In all sporadic CJD cases, Western blot analysis demonstrated that the PrP immunoreactivity observed on the brain and spinal cord paraffin sections was related to protease K-resistant PrP (PrPsc) accumulation (Table 2 and Figure 2 ). Brain and spinal cord specimens from control cases contained physiologic protease K-sensitive PrP (PrPc) ( Table 2 ). In case 1, Western blot analysis confirmed that the PrP immunostaining observed in the spinal ganglia and the superficial peroneal nerve corresponded to PrPsc deposits (Figure 3) , whereas PNS specimens from cases 2 and 3, as well as controls, contained PrPc (Figure 3 ). In accordance with immunohistochemistry findings, PrPc was detected in the sciatic nerve in case 1. For all the patients with sporadic CJD and in all tested areas, the electrophoretic mobility and the ratio of the 3 glycosylated PrPsc isoforms were consistent with PrPsc type 1 according to classification by Parchi et al. 10 
COMMENT
Involvement of both central nervous system and PNS in the pathogenesis of transmissible spongiform encepha- lopathies is becoming increasingly evident. Deposits of PrP have been shown, by immunohistochemistry, in the spinal cord from patients with either sporadic or growth hormone-associated CJD. 8, 11 Such PrP immunolabeling was also seen in 2 cases of Gerstmann-Sträussler-Scheinker (GSS) syndrome associated with a missense mutation (proline to leucine) at codon 102 of the PrP gene 8, 12 and in newvariant CJD. 13 Deposits of PrP in the posterior roots were reported in only 1 patient with GSS syndrome and 1 with CJD. 8 A recent study demonstrated, by immunohistochemistry and Western blot analysis, PrPsc deposits in the olfactory cilia and central olfactory pathway in 9 patients with sporadic CJD.
14 Several experimental studies have also demonstrated involvement of the PNS in the pathogenesis of prion diseases. Tissue-specific expression of PrPc in transgenic mice showed that PrPc-positive peripheral nerves are necessary and sufficient for successful infection of the brain after oral or intraperitoneal infection with scrapie. 15 In our study, we found evidence, for the first time in the literature to our knowledge, of PrPsc deposits in the dorsal root ganglia and the superficial peroneal nerve from 1 of 3 patients with sporadic CJD. Immunohistochemistry permitted us to localize PrPsc accumulation likely to Schwann cells of both myelinated and unmyelinated nerve fibers. A suggested explanation for the discrepancy between the consistent immunolabeling observed in experimental models and the less frequent positivity in human prion disease is centripetal (experimental scrapie) vs centrifugal (sporadic and genetic human prion diseases) spreading of PrPsc, resulting in different patterns and amounts of PrPsc accumulation in the PNS. Thus, the absence of PrPsc detection in the sciatic nerve of patient 1 and in all PNS specimens from patients 2 and 3 might be related to the very small amounts of PrPsc accumulated in these tissues and to a lack of sensitivity of our methods. The use of protein misfolding cyclic amplification procedure 18 in Western blot analysis of PNS specimens might be helpful in such cases. Although our series is not large enough to draw firm conclusions, the specificity of PrPsc testing in the PNS appears to be fair, because our 3 control cases showed negative results. Nevertheless, the sensitivity of our techniques needs to be improved, because 1 positive CJD case of 3 is still insufficient to suggest peripheral nerve biopsy as a useful tool in the diagnosis of CJD. 
